Abstract. Formaldehyde, CH20, mixing ratios are reported for the central Pacific troposphere from a series of 41 flights, which took place in March-April 1999 as part of the NASA Pacific Exploratory Mission (PEM) -Tropics B mission. Ambient CH20 was collected in aqueous media and quantified using an enzyme-derivatization fluorescence technique. Primary calibration was performed using aqueous standards and known flow rates. Occasionally, CH20 gas standard additions to ambient air were performed as a secondary calibration. Analytical blanks were dete•.,-mined by replacing ambient air with pure air. The estimated precision was +30 pptv and the estimated accuracy was the sum of +30 parts per trillion by volume (pptv) +15% of the measured value. Approximately 25% of the observations were less than the instrumental detection limit of 50 pptv, and 85% of these occurred above 6 km. CH20 mixing ratios decreased with altitude; for example, near the equator the median value in the lowest 2 km was 275 pptv, decreased to 150 pptv by 6 km and was below 100 pptv above 8 km. Between 130 and 170 W and below 1 km, a small variation of CH20 mixing ratio with latitude was noted as near-surface median mixing ratios decreased near the equator (275 pptv) and were greater on either side (375 pptv). A marked decrease in near-surface CH20 (200 pptv) was noted south of 23øS on two flights. Between 3 ø and 23øS, median CH20 mixing ratios were lower in the eastern tropical Pacific than in the western or central Pacific; nominal differences were > 100 pptv near the surface to •100 pptv at midaltitude to •50 pptv at high altitude. Off the coast of Central America and Mexico, mixing ratios as high as 1200 pptv were observed in plumes that originated to the east over land. CH20 observations were consistently higher than the results from a point model constrained by other photochemical species and meteorological parameters. Regardless of latitude or longitude, agreement was best at altitudes above 4 km where the difference between measured and modeled CH20 medians was less than 50 pptv. Below 2 km the model median was approximately 150 pptv less than the measured median.
CH20 has a role in HOx chemistry and in ozone production as a source of HO2 and hence NO2. Clearly, CH20 measurements together with observations of other photochemically active species, for example, NO, NO2, H202, CH3OOH, HO, HO2, GO, are powerful tools in testing our understanding of ozone production, hydrocarbon oxidation and, in general, the oxidizing power of the atmosphere represented by 03 and HO [Raper et Atlantic). Their observations were made using two techniques, a tunable diode laser absorption spectroscopy method and an aqueous collection and DNPH derivatization method, and these independent observations have been shown to be greater than those predicted using a photochemical point model (G. Frost et al., manuscript in preparation, 2001). In contrast, Heikes et al. [1996b] and Jacob et al. [1996] showed Transport and Atmospheric Chemistry Near the EquatorAtlantic (TRACE-A) (South Atlantic Basin, OctoberNovember 1992), marine boundary layer measurements were significantly lower than models would suggest but that measurements and model results were in agreement in the more remote free troposphere away from continental emissions. In this paper it will be shown that the near-surface CH20 measurements from PEM-Tropics B are also larger than those expected based upon point photochemical models [Olson et al., Implicit in the model-measurement comparisons is the noteworthy improvements with altitude-latitude stratification and averaging and with the inclusion of transport in the models. It should be pointed out that the measurement methods employed in TROPOZ, NARE, SONEX, and PEMTropics B were all operating at or within a factor of 10 of their reported detection limits. Averaging should remove random instrumental effects, but there is still the general offset between measurements and point model results to be explained. CH20 has a lifetime of only a few hours under the photochemical conditions found in the tropics and subtropics during PEM-Tropics B. Hence the inclusion of horizontal transport is not expected to improve the comparison of measured and modeled CH20 within a region several days removed from significant emissions or synoptic-scale perturbations. However, it does suggest 1-100 km scale meteorological processes such as convective vertical motion associated with individual clouds or organized mesoscale convective complexes could effect CH20 concentrations; such an effect has been suggested by models and measurements of CH3OOH and odd-hydrogen radicals near and downwind of convective systems [Prather and A similar level of disagreement exists between surface CH20 measurements and point models of the marine boundary layer. Ayers et al., [1997] showed observations at Cape Grim, Tasmania (November-December, 1993), were approximately 50% higher than a point model would predict, and they suggested reaction (3) above may have an alternate channel yielding CH20, H20, and O2 under low NOx and high water vapor conditions. This bypasses the formation of CH3OOH and yields CH20 directly. Weller et al. [2000] showed shipboard observations in the South Atlantic from the Albatross campaign (October-November, 1996), which were a factor of 3 greater than point model results. However, three episodes of relatively clean air with low CH20 in their data set and the observations and model results reported by dunkermann and Stockwell [1999] Figure 1 shows a schematic of the airflow plumbing on the DC-8. The P3-B system was identical except the gas-phase CH20 standards generator was not employed due to weight and space restrictions. On each aircraft, ambient air was drawn into the aircraft using a combination of a diffuser inlet, electro-mechanical diaphragm pump, and venturi exhaust pump. The combination of the diffuser and venturi was adequate to permit sampling without the pump below 9 km. However, the risk of electrical transients upon restarting the pump when sampling above 9 km was considered too great, and the pump was left on at all times. Diffuser inlet is designed to boost inlet pressure without sampling large particles. Venturi exhaust is used to provide exhaust vacuum to boost pumping speed at high altitude. The diffuser venturi combination permitted ambient sampling without the use of electro-mechanical pumps below 9 km. precision balance). Mass flow controllers were calibrated using a volumetric flow calibration system corrected to a standard reference temperature and pressure of 273.15øK and 1013.25 hPa, respectively. Coil collection-solution flow rates were determined using the input flow rate to the coil after correction for evaporation using monitored temperature, pressure, and volume flow rate. The coil effectively saturates the airstream at the temperature of the collection solution. Primary calibration was performed using aqueous standards and known gas and aqueous flow rates. These calibrations and possible inlet artifacts and interferences were examined on the DC-8 by occasional gas phase standard additions of CH20 to ambient air, nominally a 1000 ppt addition to ambient mixing ratios. The standard addition process requires 30 min to complete and steady ambient CH20 mixing ratios. Hence it could not be used as the primary calibration method on a routine basis. A 1/8 inch PFA Teflon tube was run as a catheter inside the inlet tube to introduce standard gases within 3 inches of the inlet tip.
Within the constraints of flight tracks flown, natural variability of CH20 in the ambient air, timing cycle, and precision, the gas-phase standard additions were all within 30% of the expected value based upon the aqueous calibrations and within instrumental accuracy. The detection limit of the instrument is estimated to be 50 pptv based upon 3 times the standard deviation of the blanks. The accuracy of the measurement is estimated to be the sum of+30 pptv +15% of the value. The +15% is based upon a propagation of errors (aqueous calibration, +5%, gas flow rate, +5%, aqueous flow rate, +5%, and collection efficiency +13%), with uncertainty in collection efficiency contributing the largest portion.
A 
Results
The geographical location of all CH20 measurements is shown for both aircraft in Figure 2a • To assess the significance of random measurement error, a statistical CH20 "instrument" was built in software to "sample" the model results. This instrument was constructed assuming sample blank and calibration errors were independent and that each was randomly encountered. It was assumed that each error term was normally distributed with mean 0 and variance equal to the precision and accuracy given above. A random number generator (randn, MatLab, MathWorks Inc., Natick, Massachusetts) whose product elements are normally distributed with mean 0 and variance 1 was used to supply a sample error probability factor which was multiplied by the actual instrument variance and that product was then added or subtracted from a model result. Near Hawaii, 17ø-32øN in Figure 5 , the 2-6 km and the 0-2 km CH20 mixing ratios are comparable to those shown for free troposphere and upslope air, respectively, by Heikes et al. decrease from nominally 300 pptv at the surface to 75 at 6 km and to near 50 pptv above 10 km. Between 23øS and 32øN and above 1 km, median CH20 mixing ratios were nearly constant with latitude over the central Pacific: nominally, 200 pptv 2-4 km, 75 pptv 6-8 km, and 50 pptv 10-12 km. Between 3 ø and 23øS, median CH20 mixing ratios were lower in the eastern tropical Pacific than in the western or central Pacific; nominal differences were >100 pptv near the surface to-100 pptv at midaltitude to -50 pptv at high altitude. Along the coast of Central America and Mexico between 1 and 4 km altitude, off-continent plumes were encountered in which CH20 mixing ratios exceed 800 pptv and went as high as 1200 pptv. CH20 was correlated with hydrocarbons but this was driven primarily by plume events. Spatial averaged measurements were in good agreement with similarly averaged point, one-dimensional and three-dimensional model results, whereas individual point-by-point modelmeasurement comparison was poor. Measurement variance induced by instrumental effects and natural variability, possibly from convection and precipitation events, obscured point-by-point analysis of the data.
